BP in 24-hour ABPM in patients with essential hypertension.
PAtIents And methods The study involved 78 individuals. Group 1 consisted of 39 consecutive patients with essential hypertension from our outpatient cardiac clinic. They were nonsmokers with environmental exposure to smoke. The inclusion criteria were as follows: essential hypertension, diagnosed at least 5 years earlier and treated pharmacologically, nonsmoking history, and passive exposure to cigarette smoke determined on the basis of a questionnaire. Subsequently, using the case-to-case approach, every patient from group 1 was matched with a patient with essential hypertension who has never smoked and has never been exposed to environmental tobacco smoke. The inclusion criteria were as follows: essential hypertension diagnosed at least 5 years earlier and treated pharmacologically, the same grade of arterial hypertension according to the European Society of Cardiology / European Society of Hypertension, a similar duration of essential hypertension (a difference of no more than 2 years), similar protocol of essential hypertension treatment (hypotensive agents from the same drug group), the same sex, similar age (a difference of no more than 2 years), similar body mass index (a difference of no more than 0.5 kg/m 2 ), similar total cholesterol concentration (a difference of no more than 20 mg/dl), similar triglyceride concentration (a difference of no more than 20 mg/dl), similar blood glucose concentration (a difference of no more than 10 mg/dl), nonsmoking history, and no passive exposure to cigarette smoke determined on the basis of the questionnaire. A total of 39 patients who fulfilled those criteria were included in group 2. The main clinical characteristics of both groups are presented in tAble 1, while details on essential hypertension and hypotensive treatment, in tAble 2.
Group 1 was divided into 2 subgroups using the threshold value of median daily exposure to cigarette smoke (expressed in hours; median, 5 h). Subgroup A consisted of patients suffering from arterial hypertension who were pharmacologically treated and environmentally exposed to cigarette smoke with the mean time of daily exposure of 5 hours or longer, and subgroup B, of patients suffering from arterial hypertension who were pharmacologically treated and environmentally exposed to cigarette smoke with the mean time of daily exposure of less than 5 hours.
All individuals included in the study completed the questionnaire regarding the current and past health status (with emphasis on the treatment of essential hypertension) as well as family history. There were also questions related to alimentary habits, current diet, physical activity, cigarette smoking, and alcohol and coffee drinking. Passive exposure to cigarette smoke was defined as smoking no cigarettes (now and in the past); being exposed to cigarette smoke in a closed space for at least an hour a day; staying values in active smokers. 8 A relationship between environmental exposure to cigarette smoke and BP has not been well-established and requires further research.
BP measured by 24-hour ambulatory BP monitoring (ABPM) shows higher reproducibility than that obtained during individual outpatient visits or by patients themselves.
9,10 Moreover, 24-hour ABPM allows to define BP variability and pulse pressure (PP). 11 In multicenter studies, both abnormal variability in BP and abnormal PP have been recognized as prognostically unfavorable consequence of arterial hypertension.
The aim of the study was to evaluate the effects of environmental exposure to cigarette smoke on United Kingdom). A proper cuff was selected according to the size of the patient's arm and placed on the nondominant arm. Patients were asked to keep their arms still at the time of measurements. The estimated parameters included systolic BP (SBP), diastolic BP (DBP), mean arterial pressure (MAP), and PP during 24-hour monitoring, and, separately, for day and night monitoring. PP was calculated using the following formula: PP = SBP -DBP. Daytime BP monitoring was from 6.00 AM to 10.00 PM, measured automatically every 30 minutes, and during nighttime, from 10.00 PM to 6.00 AM, BP was measured once an hour. Moreover, variability in SBP and DBP was assessed. The variability in SBP was defined as the standard deviation (SD) of all measurements of SBP in 24 hours and variability in DBP, as the SD of all measurements of DBP in 24 hours. ABPM data series were considered invalid for the analysis if 30% or more of the scheduled measurements were unavailable, if data were lacking for more than 2 consecutive hourly intervals, if data were obtained while patients maintained an irregular rest-activity schedule during the 2 consecutive 24-hour periods of monitoring, or if the night sleep was shorter than 6 hours or longer than 12 hours. 12 A statistical analysis was conducted using the STATISTICA 10 software (StatSoft Poland). For quantitative variables, arithmetical means and SDs of the estimated parameters were calculated in the study groups. The distribution of the variables was examined using the Lilliefors and Shapiro-Wilk tests. For independent quantitative variables with normal distribution, a subsequent statistical analysis involved the t test for independent variables. In the case of variables with nonnormal distribution, the Mann-Whitney test was applied for independent quantitative variables. The results for qualitative (nominal) variables were expressed as percentages. In the case of independent qualitative variables, a subsequent statistical analysis involved the χ 2 test of the highest likelihood. To define relationships between the studied variables, the analyses of correlation and regression were conducted. A P level of less than 0.05 was considered statistically significant.
The study was conducted according to the principles of Good Clinical Practice and the Declaration of Helsinkim and was approved by the local bioethics committee.
results Compared with group 2, group 1 had significantly higher mean values of 24-hour SBP, DBP, MAP, and PP; daytime SBP, DBP, MAP, PP; and nighttime SBP, MAP, and PP (tAble 3) .
Within group 1, subgroup A had significantly higher mean values of 24-hour SBP, MAP, and PP, as well as daytime SBP and PP compared with subgroup B (tAble 4) .
We observed positive linear correlations between the mean time of daily exposure (expressed in hours) to cigarette smoke and 24-hour MAP and PP in patients with essential hypertension for at least 30 minutes a day next to persons who smoke cigarettes; and living with 1 or more smokers in a household.
In all participants, 24-hour ABPM was conducted using the Welch Allyn ABPM 6100 apparatus (Welch Allyn, Aston Abbotts, Buckinghamshire, Abbreviations: see tAble 3 orIGInAl ArtIcle Effect of environmental exposure to cigarette smoke on blood pressure...
The obtained model demonstrated that in the group of patients with diagnosed essential hypertension who received pharmacological treatment and were at a more advanced age, higher LDL cholesterol and glucose concentrations as well as environmental exposure to cigarette smoke were independent factors of elevated 24-hour PP.
dIscussIon In our study, BP was evaluated using 24-hour ABPM. Apart from providing a reliable and reproducible evaluation of BP, ABPM allowed to estimate additional parameters including BP variability and PP. 11 In recent years, BP variability has been recognized in multicenter studies as a prognostically significant cardiovascular complication of hypertension. 13 In the Ohasama Study, 14 an increase in the value of SD of BP measurements above 18 mmHg was found to be associated with an increased risk of cardiovascular complications. Sander et al. 15 demonstrated that daily variability of SBP exceeding 15 mmHg represented a prognostic factor pointing to an early progression of arteriosclerotic lesions in the carotid arteries. Increased values of PP also represent an independent risk factor of cardiovascular complications. 13 The Hypertension Detection and Follow-up Program study 16 demonstrated that PP represents a risk factor of cardiac and overall mortality but not of cerebrovascular mortality.
The effect of active cigarette smoking on BP values and on manifestation of arterial hypertension has been widely discussed in recent studies. However, a positive relationship between active smoking and increased values of BP continues to be disputable and studies conducted so far provided equivocal or even contradictory results. Bolinder and de Faire, 17 Groppelli et al., 18 Minami et al., 19 Pannarale et al., 20 and Verdecchia et al. 21 demonstrated that the mean values of BP in ABPM were significantly higher in active smokers compared with nonsmokers. Moreover, according to Pannarale et al., 20 active smokers had an increased variability of BP in ABPM. Ekstrand et al. 22 observed more frequent manifestations of arterial hypertension among active smokers than in the general population. However, studies are also available that failed to confirm the relationship between cigarette smoking and arterial hypertension. In a study by Yano et al.,
23 active smokers and nonsmokers had similar values of BP both in office measurements and ABPM. A study by Okubo et al. 24 showed no effects of cigarette smoking on the rate of arterial hypertension. A number of studies showed even significantly lower mean values of BP in smokers compared with nonsmokers; in such studies, BP was evaluated using office measurements and/or ABPM.
25-27
The relationship between environmental exposure to cigarette smoke and BP has been much less clearly recognized. On the one hand, a positive relationship between environmental exposure to tobacco smoke and arterial BP values in domestic measurements in healthy women was confirmed in an epidemiological study by environmentally exposed to cigarette smoke (correlation coefficients, 0.52 and 0.48, respectively, P <0.05) (FIGures 1 and 2) .
A multivariable stepwise progressive regression analysis in the whole study group, including basic anthropological parameters (age, sex, body mass index), parameters of essential hypertension (duration of hypertension, grades of essential hypertension, hypotensive treatment), risk factors for cardiovascular diseases (total cholesterol, low-density lipoprotein [LDL] cholesterol, triglyceride, and glucose levels) and environmental exposure to cigarette smoke (dichotomous variable: 1 -yes, 0 -no), resulted in the following model: 24-hour PP = 7.61 + 0.75 age + 0.01 LDL cholesterol + 0.01 glucose + 2.99 environmental exposure to cigarette smoke ±4.21 (tAble 5).
FIGure 2 Correlation between daily exposure to cigarette smoke and 24-hour pulse pressure in group 1 (r = 0.48, P <0.05) lack of clinical homogeneity within the studied group, effects of hypotensive treatment on BP values, and assessing environmental exposure to cigarette smoke using a questionnaire. In our study, we used a case-to-case analysis. Such methodology was appropriate in that it allowed us to make comparisons in terms of the variables other than the variable that differentiated the groups. However, its main limitation was a small size of the study groups because of the time-consuming process of recruiting controls who met the inclusion criteria. However, it should be noted that the size of the group was sufficient to meet the quantitative criteria for all statistical analysis. The effects of hypotensive treatment on BP values could not be avoided, considering the risk of serious health complications linked to discontinuation of hypotensive drug treatment, including the risk of life-threatening conditions.
In summary, our results show that modern integrated educational systems, implemented for several years and aimed at fighting active smoking, should be supplemented with the activities aimed at preventing environmental exposure to cigarette smoke, which is equally harmful to health. In line with such expectations, in recent years, the World Health Organization created a pack of 6 antinicotine programs, called MPOWER. 32 The pack contains activities involving monitoring of spread manifested by exposure to cigarette smoke, counteracting exposure to cigarette smoke by smoking bans in public spaces, offering help in abandoning smoking habit, warning against the effects of smoking, enforcing prohibition of advertising, promotion and sponsoring of tobacco products, and regular increases in tobacco tax. Seki et al. 28 ; on the other hand, studies in which arterial BP was estimated by ABPM did not unequivocally determine the type of relationships between environmental exposure to tobacco smoke and arterial BP. Leone et al. 29 showed that single acute exposure to tobacco smoke failed to significantly affect the values of arterial BP evaluated using ABPM. 29 Pijanowska and Zajączkowska 30 reported no differences in arterial BP values in ABPM studies in the group of healthy children exposed and not exposed to tobacco smoke. On the other hand, Makris et al. 31 documented a relationship between passive smoking and arterial BP values evaluated using ABPM. Studies conducted in healthy normotensive nonsmoking adults exposed to tobacco smoke manifested significantly higher values of arterial BP in 24-hour measurements and higher probability of being burdened with masked hypertension as compared with nonsmokers not exposed to tobacco smoke. 31 Considering the above data, it seemed interesting to study the relationship between environmental exposure to cigarette smoke and BP in patients with essential hypertension using 24-hour ABPM.
Our study confirmed a positive relationship between environmental exposure to cigarette smoke and BP values evaluated using 24-hour ABPM in patients with essential hypertension. Our results seem to indicate that the mean time of daily exposure to cigarette smoke (expressed in hours) may be a useful parameter characterizing the extent of environmental exposure to cigarette smoke. Moreover, our study allowed to answer the questions related to the relationship between the environmental exposure to cigarette smoke and complications of essential hypertension, namely, abnormal variability of BP and increased PP. The environmental exposure to cigarette smoke has been found to induce no alterations in the variability of BP. On the other hand, a relationship has been documented between environmental exposure to cigarette smoke and an increase in PP.
Our study has several limitations: small study groups from the epidemiological point of view, 
